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ABSTRACT 



A switch for connecting a peripheral device to a downstreana 
USB device includes a plurality of peripheral interfaces 
operably connect able to respective peripheral devices; a 
USB downstream interface operably connectable to the 
downstream USB device, where the downstream interface is 
adapted to simulate insertion and removal of an upstream 
USB device; and a switcher for selectively establishing 
communication between a desired peripheral interface and 
the USB downstream interface. 

15 Claims, 3 Drawing Sheets 
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USB SELECTOR SWITCH 
BACKGROUND OF THE INVENTION 

The present iavention relates to a switch for selectively 
attaching desired peripheral devices to a desired Universal 5 
Serial Bus device. 

Universal Serial Bus (USB) is a peripheral bus standard 
developed by the PC and telecom industry, including 
Compaq, DEC, IBM, Intel, Microsoft, NEC and Northern 
Telecom. USB defines a bus and protocols for the connec- 10 
tion of computer peripherals to computers (and to each 
other). "Universal Serial Bus Specification", Compaq, Intel, 
Microsoft, NEC. Revision 1.1, Sep. 23, 1998, describes 
USB and its implementation and is incorporated herein by 
reference. Proposed and actual USB devices include 15 
keyboards, mice, telephones, digital cameras, modems, digi- 
tal joysticks, CD-ROM drives, tape and floppy drives, 
digital scanners, printers, MPEG -2 video -base products, 
data digitizers and other relatively low bandwidth devices. 
USB supports data rates of up to 12 Mbits/sec. 20 

USB supports the dynamic insertion and removal of 
devices from the bus, USB recognizes actual peripherals or 
"functions"; hosts (typically a computer); and hubs, which 
are intermediate nodes in the network that allow the attach- 
ment of multiple upstream hubs or functions. Upon insertion 25 
of an upstream hub or function, the host/hub on the down- 
stream side of the bus initiates a bus enumeration to identify 
and configure the new device. Upon removal, the removed 
device is "forgotten". Referring to FIGS. 1 and 2, the process 
of enumeration is triggered by a pull-up resistor R^ inside 30 
the new device that is connected to one of the USB data lines 
D"*", D". One side of R^^ is connected to a voltage related to 
the bus supply voltage V^^^ and the other is connected to 
D+ for a high-speed connection (less than 12 Mbits/sec) or 
to D- for a low-speed connection (less than 1.5 Mbits/sec). 35 
When a device is plugged into the bus, the voltage across 
R^„ is detected by the downstream host/hub and when the 
device is removed, the absence of the voltage is detected by 
the downstream host/hub. 

The USB specification expects devices to be physically 40 
plugged in or removed from the bus in order to be recog- 
nized or "forgotten". It is desirable to be able to share the 
various new USB peripherals with more than one USB 
computer. It is also desirable to be able to control several 
USB computers with a single USB motise and keyboard ^5 
combination. Unfortimately, these type operations are not 
supported in the USB specification. 

SUMMARY OF THE INVENTION 

A switch for connecting a peripheral device to a down- 50 
stream USB device includes a plurality of peripheral inter- 
faces operably connectable to respective peripheral devices; 
a USB downstream interface operably connectable to the 
downstream USB device, where the downstream interface is 
adapted to simulate insertion and removal of an upstream 55 
USB device; and a switcher for selectively establishing 
communication between a desired peripheral interface and 
the USB downstream interface. 

Another embodiment of the invention includes a plurality 
of peripheral interfaces operably connectable to respective 60 
peripheral devices; a plurality of USB downstream inter- 
faces operably connectable to respective downstream USB 
devices, where each downstream interface is adapted to 
simulate insertion and removal of an upstream USB device; 
and a switcher for selectively establishing communication 65 
between a desired peripheral interface and a desired USB 
downstream interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a standard USB high-speed 
connection; 

FIG. 2 is a block diagram of a standard USB low-speed 
connection; 

FIG. 3 is a block diagram of a switch according to the 
invention connected to peripheral devices and downstream 
USB devices; 

FIG. 4 is a block diagram of a insertion/removal simula- 
tion circuit according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 3, a switch 10 includes peripheral 
modules 12 connected to a central bus 14, There may be, for 
example, eight peripheral modules, but there may be more or 
less. Downstream USB modules 16 arc also connected to the 
central bus 14. There may be, for example, thirty-two 
downstream modules, but there may be more or less. The 
bus 14 is also connected to the controller 18. 

A peripheral module 12 may act as an interface for both 
non-USB peripherals (e.g., a conventional mouse and 
keyboard) and USB peripherals (e.g., mouse, keyboard, 
modem, printer, scanner, audio device, game controller, or 
other, relatively low bandwidth device). Alternatively, USB 
and non-USB peripheral interfaces may each be in separate 
modules or not modularized at all. 

A downstream module 16 may act as an interface for USB 
computers (hosts) or downstream USB hubs. Alternatively, 
the downstream interfaces may not be modularized. 

The peripheral module 12 receives digital data fi-om an 
attached peripheral 20. Based on the type of peripheral 
connected, the peripheral module 12 encodes the data onto 
the bus 14. As part of the encoding process, an "address" of 
the desired destination of the peripheral signal is included 
with the encoded signal. This address corresponds to one of 
the downstream modules 16 or to the controller 18. The 
peripheral module 12 may be implemented, for example, by 
a cpu, memory and i/o circuits; a single chip computer; an 
appHcation specific integrated circuit; field programmable 
gate arrays; or other programmable circuits. 

The bus 14 may be, for example, a i^c bus. The i^c bus is 
a two- wire bidirectional bus based on a standard developed 
by Philips Electronics, 

The downstream module 16 sends digital data to an 
attached downstream USR device 22 (e.g., a USB computer 
or hub). The downstream module 16 may be implemented, 
for example, by a cpu, memory and i/u circuits; a single chip 
computer; an application specific integrated circuit; field 
programmable gate arrays; or other programmable circuits. 

In the preferred embodiment, the encoded signals on the 
bus are supplied to all of the peripheral modtilcs 12, down- 
stream modules 16 and the controller 18 at the same time. 
Only the module or controller that is assigned the encoded 
address responds to the encoded signals. Where the address 
corresponds to one of the downstream modules 16, the 
associated downstream module decodes the signals and 
sends them to the attached downstream device 22. Where the 
address corresponds to the controller 18, the signals are 
decoded by the controller 18. The controller 18 may be 
implemented, for example, by a cpu, memory and i/o 
circuits; a single chip computer; an application specific 
integrated circuit; field programmable gate arrays; or other 
programmable circuits. The controller 18 may he a separate 
module, contained in a module 12, 16 or not modularized at 
aU. 
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In the preferred embodiment, the address for the encoded 
data is supplied to the peripheral modules 12 by the con- 
troller 18 via the bus 14. The address is selected by, for 
example, special keyboard "hot -keys" (e.g., unusual com- 
binations of keystrokes) that are automatically directed by a 5 
peripheral module 12 to the controller 18. The controller 18 
may also respond to the "hot-keys" by generating an 
on-screen display (not shown) for further selections by 
keyboard or mouse. The address may also be determined by 
switches (not shown) connected to the controller 18. It is 
also possible to have the address provided by data from a 
downstream device 16, 

Referring to FIG. 4, the downstream module 16 also 
includes circuitry for simulating the insertion and removal of 
USB devices from the downstream USB device 22. The 
pull-up resistor R^^ is connected at one end to a voltage 
corresponding to the USB bus voltage V^^^, the other end 
is connected to the switches 24, 26. The switches 24, 26 may 
be, for example, FETs, relays, or other switching devices 
now or later known in the art. When the switch 24 is "on", 
the downstream USB device 22 will start a high speed bus ^ 
enumeration. When the switch 26 is "on", the downstream 
USB device will start a low speed bus enumeration. When 
the switches 24, 26 are "off', the downstream USB device 
22 will sense a removal. In the preferred embodiment, the 
switches 24, 26 are controlled by data supplied from a 
corresponding peripheral module 12 based on the respective 
peripheral device 20 connected to the peripheral module 12 
and by direction from the controller 18. 

In operation, the peripheral module 12 translates data 
from the peripheral device 20 to data for the bus 14 
including not only the data from the peripheral 20, but also, 
the address of the desired downstream module 16, the type 
of device and, in the case of USB devices, the USB 
configuration data. The data travels on the bus 14 to the 
downstream module 16. The desired downstream module 16 
translates the data from the bus 14 to data for the desired 
downstream USB device 22. 

When the switch 10 is powered up, the switches 24, 26 of 
a downstream module 16 are both off and no devices are 
detected by the downstream USB devices 22. Once the 
switch 10 is ready for operation, the switches 24, 26 are 
operated in accordance with the peripheral module 12, if 
any, that is communicating with the downstream module 16. 

The present invention allows both USB peripherals and 45 
non-USB peripherals to be used with downstream USB 
devices. In addition, it permits the sharing of the new types 
of peripherals being planned and manufactured for use on 
the with the Universal Serial Bus. 

It should be noted that while the preferred embodiment 59 
uses a data bus as the switcher to move information between 
selected modules, it is also possible to connect the modules 
using a crosspoint switch, parallel address, shift registers or 
any other signal routing technique known in the art. The 
peripheral modules translate the specific signals to a com- 55 
mon "language", a switcher routes the signals to the proper 
downstream module, and the downstream module then 
translate the common "language" to the appropriate specific 
signals. 

If all of the devices are USB devices, the common 50 
"language" can be basically "USB" and the peripheral 
modules need not be much more than USB jacks. The 
downstream modules will simulate insertion and removal 
and then the USB devices will perform their own bus 
enumeration. 6S 

For the ease of understanding, the flow of data has been 
described as firom the peripherals to the downstream devices, 



35 



40 



but in the preferred embodiment, the flow of data is bidi- 
rectional. This is particularly important when using USB 
devices that are output or bidirectionally oriented (e.g., 
modem, printer, scanner, audio device). 

It should be evident that this disclosure is by way of 
example and that various changes may be made by adding, 
modifying or eliminating details without departing from the 
fair scope of the teaching contained in this disclosure. The 
invention is therefore not limited to particular details of this 
disclosure except to the extent that the following claims are 
necessarily so limited. 

What is claimed; 

1. A switch for connecting a peripheral device to a 
downstream USB device, said switch comprising: 

a plurality of peripheral interfaces operably connectable 
to respective peripheral devices; 

a USB downstream interface operably connectable to said 
downstream USB device, said downstream interface 
being adapted to simulate insertion and removal of an 
already inserted upstream USB device; and 

a switcher for selectively establishing communicarioo 
between a desired peripheral interface and said USB 
downstream interface. 

2. A switch according to claim 1, wherein at least one of 
said peripheral devices is an upstream USB device. 

3. A switch according to claim 1, wherein said simulation 
of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data line of said USB downstream interface. 

4. A switch for connecting a peripheral device to a 
downstream USB device, said switch comprising: 

a peripheral interface operably connectable to said periph- 
eral device; 

a plurality of USB downstream interfaces operably con- 
nectable to respective downstream USB devices, each 
said downstream interface being adapted to simulate 
insertion and removal of an already inserted upstream 
USB device; and 

a switcher for selectively establishing communication 
between said peripheral interface and a desired USB 
downstream interface. 

5. A switch according to claim 4, wherein said peripheral 
device is an upstream USB device. 

6. A switch according to claim 4, wherein said simulation 
of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data line of said USB downstream interfaces. 

7. A switch for connecting a peripheral device to a 
downstream USB device, said switch comprising: 

a plurality of peripheral interfaces operably connectable 
to respective peripheral devices; 

a pliu-ality of USB downstream interfaces operably con- 
nectable to respective downstream USB devices, each 
said downstream interface being adapted to simulate 
insertion and removal of an already inserted upstream 
USB device; and 

a switcher for selectively establishing communication 
between a desired peripheral interface and a desired 
USB downstream interface. 

8. A switch according to claim 7, wherein at least one of 
said peripheral devices is an upstream USB device. 

9. A switch according to claim 7, wherein said simulation 
of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data line of said USB downstream interfaces. 
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10. A switch for connecting an upstream USB device to a 
downstream USB device, said switch comprising; 

a plurality of USB upstream interfaces operably connect- 
able to respective upstream USB devices; 

a USB downstream interface operably connectable to said ^ 
downstream USB device, said downstream interface 
being adapted to simulate insertion and removal of an 
already inserted upstream USB device; and 

a switcher for selectively establishing communication 
between a desired upstream USB interface and said 
USB downstream interface. 

11. A switch according to claim 10, wherein said simu- 
lation of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data line of said USB downstream interface. 

12. A switch for cormecting an upstream USB device to a 
downstream USB device, said switch comprising: 

a USB upstream interface operably connectable to said 
upstream USB device; 20 

a plurality of USB downstream interfaces operably con- 
nectable to respective downstream USB devices, each 
said downstream interface being adapted to simulate 
insertion and removal of an already inserted upstream 
USB device; and 



a switcher for selectively establishing communication 
between said upstream USB interface and a desired 
USB downstream interface. 

13. A switch according to claim 12, wherein said simu- 
lation of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data line of said USB downstream interfaces. 

14. A switch for connecting an upstream USB device to a 
downstream USB device, said switch comprising: 

a plurality of USB upstream interfaces operably connect- 
able to respective upstream USB devices; 

a plurality of USB downstream interfaces operably con- 
nectable to respective downstream USB devices, each 
said downstream interface being adapted to simulate 
insertion and removal of an already inserted upstream 
USB device; and 

a switcher for selectively establishing communication 
between a desired upstream USB interface and a 
desired USB downstream interface. 

15. A switch according to claim 14, wherein said simu- 
lation of insertion or removal of an upstream USB device is 
provided by applying or removing, respectively, a voltage to 
a data hne of said USB downstream interfaces. 
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